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DObjective: The most common reason for late surgical reintervention after repair of complete atrioventricular
canal defects is the development of left atrioventricular valve regurgitation. We sought to determine the changes
in left atrioventricular valve geometry after surgical repair that may predispose to regurgitation.
Methods: Atrioventricular valve measurements were obtained by 2-dimensional echocardiography at 3 differ-
ent time points (preoperative, early postoperative, and midterm postoperative [6–12 months]). Left atrioventric-
ular valve annulus area and left ventricular volume were calculated; vena contracta of the regurgitant jet orifice
was measured. All measurements were normalized relative to an appropriate power of body surface area.
Results: From January 2000 to January 2008, 101 patients with complete atrioventricular canal repair were in-
cluded. Left atrioventricular valve annulus was noted to remodel from an elliptical shape to a circular shape after
surgery. Left atrioventricular valve annulus area increased early postoperatively (systole: 4.1  0.2 cm2/m2 vs
6.1  0.3 cm2/m2, P<.001; diastole: 7.2  0.4 cm2/m2 vs 10.0  0.5 cm2/m2, P<.001, pre- vs postoperative,
respectively). This increase was sustained in the midterm postoperative period (systole: 6.1  0.3 cm2/m2,
P ¼ .85, vs diastole: 10.0  0.4 cm2/m2, P ¼ .78, early vs midterm postoperative). Left ventricular volume in-
creased in the early and midterm postoperative periods compared with preoperative (systole: 16.9 1.2 mL/m2
vs 26.2  1.7 mL/m2, P<.001; diastole: 35.0  2.4 mL/m2 vs 52.5  3.2 mL/m2, P<.001).
Conclusions: Complete atrioventricular canal repair leads to left atrioventricular valve annular shape change
with increased area and circular shape. The change in left atrioventricular valve annulus shape appeared to
be mainly due to increased circumference in the posterior free wall of the annulus. These findings may provide
a mechanism for the progression of central regurgitation seen after complete atrioventricular canal repair and
a potential solution. (J Thorac Cardiovasc Surg 2012;143:1117-24)Atrioventricular (AV) canal defects are one of the more
complex congenital heart lesions. They involve the AV
valves and the ventricular and atrial septa. They range
from an ostium primum atrial septal defect to the complete
atrioventricular canal form (CAVC) with evidence of os-
tium primum atrial septal defect, a common AV valve,
and a hemodynamically significant deficiency of the ven-
tricular septum.
Surgical repair includes partitioning the common AV
valve into the right- and left-sided components, closure of
the valvar cleft or zone of apposition, and closure of any
ventricular or atrial septal defects.1 Since the first successful
repair of a CAVC by Lillehei and colleagues in 1954,2 im-
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The Journal of Thoracic and Carhave resulted in declining mortality over time from approx-
imately 50% to 2.5% to 13%.3-5 However, the incidence of
AV valve regurgitation after surgical correction remains the
most common reason for repeat surgical intervention. In
fact, hemodynamically significant left atrioventricular
valve (LAVV) regurgitation is the main cause of early and
late deaths, and need for reoperation.6,7 Although several
factors have been related to postoperative LAVV
regurgitation, there is limited information regarding the
structure and geometry of the valve after repair and little
analysis of geometric changes that may predispose to
regurgitation.8-10 The observation that different surgical
techniques are not associated with different outcomes
reinforces the fact that we do not completely understand
the pathophysiology of this complication as it relates to
LAVV annular remodeling and postoperative leaflet
motion.11,12 In this study, we sought to determine the
changes in LAVV geometry after surgical repair using
echocardiographic imaging and quantification, which may
predispose to regurgitation postoperatively.PATIENTS AND METHODS
The study was conducted in accordance with Institutional Human Sub-
jects Committee guidelines and was approved by the institutional review
board at Children’s Hospital Boston. The study was a retrospective reviewdiovascular Surgery c Volume 143, Number 5 1117
Abbreviations and Acronyms
AV ¼ atrioventricular
BSA ¼ body surface area
CAVC ¼ complete atrioventricular canal form
LAVV ¼ left atrioventricular valve
LV ¼ left ventricular
2D ¼ 2-dimensional
VC ¼ vena contracta
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Dof the cardiology/cardiac surgery database at Children’s Hospital Boston
identifying all patients who underwent surgical repair for CAVC from Jan-
uary 2000 to January 2008. This time period was chosen because it includes
a sufficiently large cohort of patients to permit meaningful statistical com-
parisons and because the surgical techniques did not vary greatly during
this time period. The diagnosis was based on echocardiographic evidence
of ostium primum atrial septal defect, a common AV valve and a hemody-
namically significant deficiency of the ventricular septum. Children with
transitional AV canal defects and isolated inlet ventricular septal defects
were excluded from the study. Preoperative evaluation of the CAVC was
done with 2-dimensional (2D) echocardiography and additional testing
as warranted by the individual patient. Three different time points for echo-
cardiography were used for the study. The first was the immediate preop-
erative study, the second was the early postoperative study (7–10 days
after surgery), and the third was a midterm postoperative follow-up study
(6–12 months after surgery). Parents of patients in whom the third echocar-
diography was not performed at Children’s Hospital Boston were con-
tacted, and informed consent was obtained to permit analysis of the
midterm postoperative follow-up echocardiographic data that were ob-
tained at an outside facility. Patients with missing postoperative echocar-
diographic data were excluded from the study. Patients with associated
complex cardiac anomalies, such as transposition of the great arteries, te-
tralogy of Fallot, double-outlet right ventricle, and heterotaxy syndrome,
were excluded from the study. All echocardiographic studies were re-
viewed by 1 echocardiographer (E.K.), and the measurement methodology
was reviewed by 2 separate echocardiographers (G.M. and S.C.).
Echocardiographic Measurements
The common AV valve measurements obtained from the 2D echocardi-
ography studies are shown in Figure 1. All measurements were performed
at both end systole and end diastole. End systole is taken as the frame pre-
ceding LAVV opening. End diastole is taken as the frame at which the
LAVV begins to close, which is the onset of isovolumic systole. The
long-axis parasternal and apical 4-chamber views were used for all mea-
surements (Figure 1, A). A is the distance from the hinge point of the
LAVV to the lowest extent of the atrial septum, B is the distance from
the hinge point of the right AV valve to the lowest extent of the atrial sep-
tum, C is the transverse dimension of the common AV valve annulus, D is
the distance from the ventricular crest to the lowest extent of the atrial sep-
tum, E andG are the distances from the hinge points of the AV valves to the
ventricular septal crest, F is the length of the left ventricle from the plane of
the common AV valve annulus to the apex of the left ventricle, and I char-
acterizes the anteroposterior diameter of the LAVVannulus obtained from
the parasternal long-axis view. All measurements were normalized relative
to an appropriate power of the body surface area (BSA),13 which was cal-
culated at the time of surgery or early postoperative period and the midterm
postoperative period. All values reported are normalized values, not raw
measurements. Normalized dimensions are presented in ‘‘centimeters/me-
ters,’’ normalized areas are presented in ‘‘centimeters squared/meters
squared,’’ and normalized volumes are presented in ‘‘milliliters/meters
cubed.’’1118 The Journal of Thoracic and Cardiovascular SurLAVV annulus area was determined using the formula for an ellipse,
(E/2) $ (I/2) $ 3.14, and indexed to BSA. Left ventricular (LV) volume
was calculated by using the area–length method where the LV is assumed
to be bullet-shaped.14 The mid-LV cross-sectional area was computed at
a point one half the length of the left ventricle taken from the apex to the
midpoint of the annulus in the apical 4-chamber view, and planimetry of
the parasternal short-axis view at that level was done. These measurements
were performed at end systole and end diastole, and the volume was com-
puted according to the following formula: LV volume¼ [(5/6) $ LAVVan-
nulus area $ LV length]. LV length was determined by measurement F. For
indexing LV volumes, we used the patient’s BSA in square meters.
The ratio of E over I was used as a surrogate to determine the eccentric-
ity of the LAVV. The vena contracta (VC) of the regurgitant jet orifice was
measured as a semiquantitative estimate of the severity of LAVV regurgi-
tation. Several studies have shown the accuracy and reproducibility of the
VC width as a marker of left AV valve regurgitation in humans. All mea-
surements were obtained on the echocardiograms of all enrolled patients
at all 3 time points (preoperative, early postoperative, and midterm
postoperative).
Statistical Analysis
Data are presented as mean  standard deviation/standard error of the
mean or as median, unless otherwise specified. Generalized estimating
equation analysis was used as implemented in STATA/IC 10.1 (StataCorp,
College Station, Tex). From generalized estimating equation analysis, dif-
ferences in normalized (indexed to BSA) measurements were evaluated
over time.
RESULTS
Study Cohort
Between January 2000 and January 2008, 101 patients
with AV canal repair (median age, 3.8 months; range, 6
days to 7 years) were included in this study. A total of
242 AV canal repairs were performed during this period
at Children’s Hospital Boston; however, only 101 patients
were included in this study. The remaining patients had to
be excluded because echocardiography studies were not
available at all 3 time points. An additional 10 patients
(2.4%) died in the midterm follow-up period and were
not included in the analysis. The operative mortality of pa-
tients included in this study was 0.82%. The techniques for
surgical repair of complete AV canal used in this study were
the single patch (9% of patients), 2 patch (80.6% of pa-
tients), and Australian (no ventricular septal defect patch)
(10.4% of patients). There was no relationship found be-
tween the type of surgical repair and the echocardiogram di-
mensions. Thirty-eight male (37.6%) and 63 female
(62.4%) patients were identified in this study. Fifty-four pa-
tients were identified as having Down syndrome (55%).
Themedian age and weight of patients at the time of surgery
were 3.8 months and 3.1 kg, respectively. BSA calculated in
the midterm postoperative period (0.38 0.09 cm) was sig-
nificantly higher than calculated at the time of surgery or
early postoperative period (0.27  0.07 cm, P<.001).
Echocardiographic Measurements
All measurements made from the apical 4-chamber and
parasternal long-axis views (Figure 1), including mean,gery c May 2012
FIGURE 1. A, B, Various echocardiographic measurements taken in apical 4-chamber and parasternal long-axis views. A is the distance from the hinge
point of the left atrioventricular valve to the lower extent of the atrial septum. B is the distance from the hinge point of the right atrioventricular valve to the
lowest extent of the atrial septum,C is the transverse dimension of the common atrioventricular valve annulus, andD is the distance from the ventricular crest
to the lowest extent of the atrial septum. E and G are distances from the hinge points of the atrioventricular valves to the ventricular septal crest, F is the
length of the left ventricle from the plane of the common atrioventricular valve annulus to the apex of the left ventricle, and I characterizes the anteropos-
terior diameter of the left atrioventricular valve annulus obtained from the parasternal long-axis view.
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Dstandard deviation, and change over time, are shown in
Tables 1 and 2. Figure 1, B, shows representative 2D echo-
cardiogram images with the specific measurements
labeled.
I, which is the anteroposterior diameter of the LAVVan-
nulus obtained from the parasternal long-axis view, was the
parameter that showed the most significant increase from
pre- to postoperative studies (Figure 2). This increase was
evident in the early postoperative period and was sustained
in the midterm postoperative follow-up period. The preop-
erative measurements were 1.6  0.5 cm/m in systole and
2.5 0.5 cm/m in diastole, the early postoperativemeasure-
ments were 2.1 0.6 cm/m in systole and 3.1 0.6 cm/m in
diastole, and the midterm postoperativemeasurements were
2.1  0.5 cm/m in systole and 3.1  0.6 cm/m in diastole.
The increase in I from preoperative to early postoperative
period was an average of 0.5 cm/m (95% confidence inter-
val, 0.39–0.62) in systole and 0.6 cm/m (95% confidence
interval, 0.46–0.69) in diastole (P<.001 for systole and di-
astole comparisons). The increase in I from preoperative to
midterm postoperative period was similar to that seen early
after surgery (P<.001).
Additional Echocardiographic Measurements
A, which is the distance from the hinge point of the LAVV
to the lowest extent of the atrial septum in the apicalThe Journal of Thoracic and Car4-chamber view, was significantly increased in the early
postoperative echocardiogram compared with the preopera-
tive echocardiogram in systole (0.4  0.1 cm/m, P<.001)
and diastole (0.7  0.1 cm/m, P<.001). There was no fur-
ther increase seen in A in the midterm postoperative echo-
cardiogram in systole.
There were no changes in B, D, and G from the preoper-
ative period to the early postoperative period in both systole
and diastole (Table 1). These measurements were also un-
changed in the midterm postoperative period.
C, the distance between the left and the right AV valve an-
nulus in the apical 4-chamber view, increased significantly
in the early postoperative period compared with the preop-
erative period (systole: 0.3  0.1 cm/m, P ¼ .025; diastole:
0.5  0.1 cm/m, P<.001). The lack of change in the right-
sided measurements B, D, and G during the same time
period implies that most of the change in C, which occurred
postoperatively, was due to changes in the left side of the
AV valve as seen in the apical 4-chamber view.
E, the length of the LV as seen on the apical 4-chamber
view, also increased in the early postoperative echocardio-
gram when compared with the preoperative study (systole:
0.4  0.1 cm/m, P < .001; diastole: 0.5  0.1 cm/m,
P<.001). There was no further increase in E in the midterm
postoperative echocardiogram (systole: 0.01  0.1 cm/m,
P ¼ .879; diastole: 0.02  0.1 cm/m, P ¼ .875).diovascular Surgery c Volume 143, Number 5 1119
TABLE 1. Pre- and postoperative atrioventricular valve dimensions
Systole Diastole
cm/m SD cm/m SD
A
Preoperative (T1) 2.7 0.8 2.4 0.7
Early postoperative (T2) 3.1 0.7 3.0 0.7
Midterm postoperative (T3) 3.2 0.7 3.1 0.7
B
Preoperative (T1) 3.6 0.9 3.5 0.9
Early postoperative (T2) 3.4 0.9 3.3 0.8
Midterm postoperative (T3) 3.2 0.8 3.2 0.8
C
Preoperative (T1) 5.9 1.2 5.7 1.4
Early postoperative (T2) 6.2 1.2 6.2 1.3
Midterm postoperative (T3) 6.2 1.2 6.3 1.2
D
Preoperative (T1) 2.7 0.8 4.9 0.3
Early postoperative (T2) 2.6 0.8 2.7 0.6
Midterm postoperative (T3) 2.5 0.7 2.6 0.6
E
Preoperative (T1) 3.3 0.7 3.5 0.8
Early postoperative (T2) 3.7 0.8 4.0 0.8
Midterm postoperative (T3) 3.7 0.8 4.1 0.8
F
Preoperative (T1) 4.8 1.0 5.7 1.0
Early postoperative (T2) 5.0 1.0 6.2 1.0
Midterm postoperative (T3) 5.2 1.0 6.2 0.9
G
Preoperative (T1) 4.0 0.8 4.0 1.0
Early postoperative (T2) 3.9 0.9 4.1 0.9
Midterm postoperative (T3) 3.6 0.9 3.9 0.8
I
Preoperative (T1) 1.6 0.5 2.5 0.5
Early postoperative (T2) 2.1 0.6 3.1 0.6
Midterm postoperative (T3) 2.1 0.5 3.1 0.6
See Figure 1, A, for schematic depiction of the parameters measured. All measure-
ments (A–I, cm/m, and SD) of preoperative (T1), early postoperative (T2), and mid-
term follow-up postoperative (T3) echocardiographs in systole and diastole are
shown.
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LAVVannulus area in systole and diastole increased sig-
nificantly from the preoperative to the early postoperative
period as measured by echocardiography (4.1  0.2 cm2/
m2 vs 6.1  0.3 cm2/m2, P< .001 in systole; 7.2  0.4
cm2/m2 vs 10.0  0.5 cm2/m2, P<.001 in diastole, respec-
tively, Figure 3, A). This increase in LAVVannulus area was
sustained in the midterm postoperative period.
The ratio E/I, which is an indicator of ellipsoid or circular
nature of the LAVVannulus, was decreased in the early and
midterm postoperative echocardiogram when compared
with the preoperative echocardiogram (Figure 4), indicating
that the LAVVannulus shape had changed from an elliptical
to a more circular shape. This finding is also supported by
the observation that much of the change in C (the distance
between right and left AV valve hinge points) occurred in
the left component of the AV valve postoperatively. Thus,1120 The Journal of Thoracic and Cardiovascular Surthe annular remodeling postoperatively appeared to occur
at the left AV free wall or the hinge point of the left lateral
leaflet.
Left Ventricular Volume and Vena Contracta
Measurements
LV volume indexed to BSA increased in the early and
midterm postoperative echocardiograms compared with
the preoperative echocardiogram (16.9  1.2 mL/m3 vs
26.2  1.7 mL/m3, P<.001 in systole; 35.0  2.4 mL/m3
vs 52.5  3.2 mL/m3, P<.001 in diastole). We did not de-
tect any difference between the early and midterm postop-
erative echocardiograms (26.8  1.7 mL/m3, P ¼ .81 in
systole; 51.1 2.5 mL/m3, P¼ .73 in diastole). LV volume
changes are shown in Figure 3, B.
Finally, we quantified the LAVV regurgitant jet using the
diameter of the VC (Figure 5). The size of the LAVV VC
was small at all time points for most patients and showed
a slight but significant decrease in the postoperative com-
pared with preoperative echocardiography studies (0.2 
0.01 cm/m vs 0.3  0.01 cm/m, respectively, mean  stan-
dard error of the mean, P<.001).
DISCUSSION
AV canal defects represent a complex set of congenital
heart lesions characterized by a defect in the development
of the endocardial cushions. The general principles of surgi-
cal repair of CAVC have changed little over the past few de-
cades, with the primary goal being partitioning of the
common AV valve and closing the atrial and ventricular
communications. The only controversial part of the proce-
dure has focused on the zone of apposition or cleft of the
left AVvalve.15 Current valvuloplasty techniques usually in-
clude closure of the cleft in the left AV valvewith or without
varying types of commissuroplasty or annuloplasty of the
left AV valve. An annuloplasty is usually performed only
if there is dilatation of the annulus to prevent postsurgical re-
gurgitation. However, the technique for annuloplasty varies
greatly and is often dictated by surgeon preference. The
main goal of our study was to determine the changes in the
various parameters of ventricular and annular geometry after
CAVC surgery and to determine if this remodeling is sus-
tained in the midterm postoperative period.
The most significant finding of our study was the nature
of the LAVV annular remodeling after surgical repair of
CAVC. There is a significant increase in indexed left AV
valve diameter as measured in the septal to lateral wall di-
mension after surgical repair of CAVC. This increase oc-
curred primarily as a consequence of lateral wall
displacement rather than septal shift toward the right ventri-
cle. The statement that the free wall circumference is in-
creased rather than a septal shift is based on comparisons
of distances between the septum and the right ventricle ver-
sus the septum and the LV free wall dimensions pre- andgery c May 2012
TABLE 2. Changes in parameters among the three time points
Systole
T1 vs T2 (cm/m) T1 vs T3 (cm/m) T2 vs T3 (cm/m)
A 0.4 (0.1), P<.001 * 0.5 (0.1), P<.001 * 0.2 (0.1), P ¼ .14
B 0.2 (0.1), P ¼ .08 0.4 (0.1), P<.001 * 0.2 (0.1), P ¼ .06
C 0.3 (0.1), P ¼ .025 * 0.3 (0.2), P ¼ .107 0.01 (0.2), P ¼ .98
D 0.1 (0.1), P ¼ .12 0.3 (0.1), P ¼ .18 0.2 (0.1), P ¼ .14
E 0.4 (0.1), P<.001 * 0.4 (0.1), P<.001 * 0.01 (0.1), P ¼ .88
F 0.2 (0.1), P ¼ .089 0.4 (0.1), P ¼ .008 * 0.1 (0.1), P ¼ .35
G 0.1 (0.1), P ¼ .26 0.4 (0.1), P ¼ .007 * 0.3 (0.1), P ¼ .057
I 0.5 (0.1), P<.001 * 0.5 (0.1), P<.001 * 0.001 (0.05), P ¼ .9
Diastole
T1 vs T2 (cm/m) T1 vs T3 (cm/m) T2 vs T3 (cm/m)
A 0.7 (0.1), P<.001 * 0.8 (0.1), P<.001 * 0.1 (0.1), P ¼ .18
B 0.2 (0.1), P ¼ .06 0.3 (0.1), P ¼ .02 * 0.1 (0.3), P ¼ .33
C 0.5 (0.1), P<.001 * 0.6 (0.2), P<.005 * 0.1 (0.1), P ¼ .58
D 0.1 (0.1), P ¼ .315 0.1 (0.1), P ¼ .313 0.17 (), P ¼ .06
E 0.5 (0.1), P<.001 * 0.5 (0.1), P<.001 * 0.02 (0.1), P ¼ .857
F 0.5 (0.1), P<.001 * 0.5 (0.1), P<.001 * 0.01 (0.1), P ¼ .92
G 0.006 (0.1), P ¼ .96 0.1 (0.1), 0.35 0.1 (0.1), P ¼ .27
I 0.6 (0.05), P<.001 * 0.6 (0.08), P<.001 * 0.01 (0.08), P ¼ .86
Summary of all the changes of the various measurements (cm/m) over time (T1 vs T2, T1 vs T3, and T2 vs T3) in systole and diastole, including P values. T1, Preoperative; T2,
early postoperative; T3, midterm postoperative. *Statistically significant.
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Dpostoperatively. These indicate that posterior LV free wall
circumference changes were observed rather than the for-
mer. The effect of this change is to make the LAVV more
circular, displacing the lateral leaflet away from the0 
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FIGURE 2. Measurement I, the distance between the septum and the lateral free
increased after surgical repair of CAVC both in systole (A) and diastole (B). Th
confidence interval, 0.39–0.62] in systole and 0.6 cm/m [95% confidence inter
in the midterm postoperative follow-up period. The increase in I from preoperat
0.37–0.63) in systole and 0.6 cm/m (95% confidence interval, 0.39–0.74) in dia
The Journal of Thoracic and Carcomposite leaflet, made up of the sutured inferior and supe-
rior left components of the bridging leaflets. This shift
would tend to exacerbate any central regurgitant jet that
may be present at the end of the original CAVC repair.1 
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in LAVVannulus area was sustained in the midterm postoperative period (6.1 0.3 cm2/m2, P¼ .85 in systole, and 10  0.4 cm2/m2, P¼ .78 in diastole).
#The statistically significant increase in LAVVannulus area in systole and diastole in midterm postoperative period compared with the preoperative period.
B, Increase of the LV volume in the early and midterm follow-up postoperative echocardiogram in systole and diastole compared with the preoperative
echocardiogram (16.9 1.2 mL/m3 vs 26.2 1.7 mL/m3, P<.001 in systole, and 35 2.4 mL/m3 vs 52.5 3.2 mL/m3, P<.001 in diastole; as indicated
with * and #, respectively). LAVV, Left atrioventricular valve; LV, left ventricular.
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DBefore surgical repair, pressures in both ventricles are
equal, in contrast with the postoperative pressures where
right ventricular systolic pressure should be substantially1
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FIGURE 4. Ratio of the E/I, which was used as an indicator of ellipsoid or
circular nature of the LAVV annulus. The ratio E/I was decreased in the
early and midterm postoperative echocardiogram compared with the pre-
operative echocardiogram, which indicates a more circular nature of the
postoperative LAVVannulus.
1122 The Journal of Thoracic and Cardiovascular Surlower than LV pressure. This would lead us to believe that
the annular remodeling would occur by a shift in the ven-
tricular septum after surgery with the dimensions of the
right component of the AV valve decreasing. However, we
noted in our study that the annular shift occurred toward
the left AV free wall rather than changes in the relative
poss on a more circular shape when compared with the el-
liptical shape oriented with the long axis parallel to the sep-
tum before repair. This is an important finding because it
can help determine the type of annuloplasty that needs to
be performed if these valves need further intervention or po-
tentially as a preventive measure to avoid progression of re-
gurgitation after surgery.
In regard to the implications of this study for the surgeon
and surgical technique, the goal of this study was to describe
the geometric changes in AV valve orifice that occur after re-
pair of CAVC. These changes were independent of the surgi-
cal technique used for ventricular septal defect/atrial septal
defect closure, but the valve orifice changes do have implica-
tions for the leaflet repair, because the valve orifice needs to
be completely covered by valve tissue in systole to achieve
valve competence.Our findings have implications for the sur-
gical technique for partitioning the common AV valve. We
postulate that these changes in annular geometry can contrib-
ute to the development of residual LAVV regurgitation after
surgical repair if the surgeon does not consider them in decid-
ing how to partition the available AV valve leaflet tissue.
As expected, the LAVV regurgitation, as measured by the
VC, was decreased in the majority of infants after surgical
repair, and this decrease was sustained in the midtermgery c May 2012
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FIGURE 5. LAVV regurgitant jet of all 101 patients was estimated using the diameter of the VC in the apical 2-chamber view using color Doppler flow.
The LAVVVC decreases in the postoperative echocardiogramwhen compared with the preoperative echocardiogram (0.2 0.01 cm/m vs 0.3 0.01 cm/m,
P<.001).
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Dpostoperative period. We believe this is related primarily to
the extent of LAVV leaflet coaptation left after repair and
cleft closure. However, when leaflet coaptation is minimal,
resulting in more than mild regurgitation early after surgery,
the annular remodeling that occurs may rapidly worsen the
regurgitation. According to our findings, posterior annulo-
plasty of the left AV valve may prevent the adverse remod-
eling, stabilizing the regurgitation for a time.Study Limitations
First, the echocardiographic data used were not all ob-
tained at one core laboratory. Although wemade every effort
to perform the studies at our center, some of the studies were
performed at outside institutions. However, we did review
all of the studies ourselves and attempted to match the views
with those obtained at our center. Second, the 2D echocardi-
ography data can only help us draw limited conclusions
about the 3-dimensional annulus because the annulus is
saddle-shaped normally and even more pronounced in canal
defects. However, changes in planar dimension accurately
depict the major valve changes with surgery because the
valve leaflets still have to cover the orifice in systole, and
a change to a more circular valve orifice will lead to incom-
plete coverage by the available leaflet tissue. Further studies
performed using 3-dimensional echocardiography would
help determine the true nature of LAVVannular remodeling.
An advantage of 3-dimensional VC area as an index of
LAVV regurgitation would be its accuracy in clinically sig-
nificant regurgitation.16 However, several studies show that
the VC width is a useful tool for quantification of LAVV re-
gurgitation, and these results provide crucial preliminaryThe Journal of Thoracic and Cardata for development of further studies. Third, 141 patients
who underwent CAVC repair during the time frame of this
study were not eligible for data interpretation because they
did not have echocardiograms at all 3 data points and there-
fore had to be excluded. This is a limitation of this retrospec-
tive study, and we have acknowledged this in the article.
However, the series is large and the operative mortality
rate low enough that the patient cohort with complete echo-
cardiography data is likely representative of the larger pop-
ulation. The current study provides important preliminary
data for designing further studies aimed at analyzing annular
remodeling after CAVC repair.CONCLUSIONS
This study analyzed the changes in AV valve geometry in
a large cohort of infants undergoing repair of CAVC. The
left AV valve undergoes significant enlargement early after
surgery, which is sustained in midterm follow-up. The ma-
jor geometric changes were a more circular shape to the left
AV valve with an increase in the septal to free wall dimen-
sion. This change in geometry may adversely affect AV
valve regurgitation present early after surgery.References
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